Ultrasonic friction modulation can elicit texture sensations on a smooth surface but is currently limited to single touch exploration. This paper introduces a technique that locally modulates tactile friction on a surface to allow for a multitouch exploration. Using this technique, the friction modulation effect is co-located with the actuator through the use of specific non-radiating frequencies. Because waves do not propagate in the surface at these specific frequencies, the vibration amplitude is controlled locally with a simple harmonic excitation of the actuators. The existence of such frequencies is explained through a semianalytical model of piezoelectric actuation. The ability to locally control the vibration field and to modulate the friction independently for each actuator is demonstrated experimentally on a thin glass plate.
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This paper reports a six-day longitudinal study of haptic pitch correction guidance conducted with 18 novice string instrument players. The study compared a standard chromatic tuner and a haptic tuner (HapTune), which deliver information through the visual and the haptic (tactile) channel, respectively. Experimental results showed that HapTune was as effective as the chromatic tuner in improving the participants' skills for playing correct pitches (i.e., reducing the pitch error). Further, HapTune seemed to cause less visual distraction to the participants' visual attention to score reading during string instrument playing. The results suggest good viability of HapTune as an alternative to chromatic tuners, especially for visually-impaired users. In this study, we have investigated human roughness perception of periodical textures on an electrostatic display by conducting psychophysical experiments with 10 subjects. To generate virtual textures, we used low-frequency unipolar pulse waves with different waveforms (sinusoidal, square, sawtooth, and triangle), and spacing. We modulated these waves with a 3 kHz high-frequency sinusoidal carrier signal to minimize perceptional differences due to the electrical filtering of human finger and eliminate low-frequency distortions. The subjects were asked to rate 40 different macro textures on a Likert scale of 1-7. We also collected the normal and tangential forces acting on the fingers of subjects during the experiment. The results of our user study showed that subjects perceived the square wave as the roughest while they perceived the other waveforms equally rough. The perceived roughness followed an inverted u-shaped curve as a function of groove width, but the peak point shifted to the left compared to the results of the earlier studies. Moreover, we found that the roughness perception of subjects is best correlated with the rate of change of the contact forces rather than the force itself.
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We present two demonstrations based on pneumatic bubble actuators. The first demonstration is a shape display integrated with a touchscreen; transparent button-sized (7.5 mm diameter) bubble actuators are mounted on a touchscreen and programmed with click feel. Six bubble actuators are embedded within a thin layer and arranged on top of a touchscreen with six corresponding visual buttons. The bubbles are initially raised above the visual buttons allowing the user to haptically orient to the touchscreen button. When a user presses on a bubble actuator, it collapses and pops back up under the finger based on the user's applied force, creating a haptic click feel. The user receives both the visual and haptic confirmation of a button push based on a changing color of the visual button and the timed haptic click of the bubble actuator, respectively. The second demonstration is a proof-ofconcept device that integrates microfluidic technology with braille-dot-sized (1.5 mm diameter) pneumatic bubble actuators to form an eight-dot braille cell. The use of microfluidic technology enables all eight dots to be controlled using just three electronic solenoid valves. Individual bubbles are addressed with microfluidic logic circuits-the fluidic equivalent of electronic circuits. By using high and low pressure in place of high and low voltage, we achieve microfluidic logic circuits that can save binary information (1 s and 0 s) in the form of high and low pressure. We include a chain of these fluidic circuits -equivalent to an electronic shift register-in the same substrate as the bubbles. The eight braille dots can be controlled with just three electronic input valves, demonstrating that integration of microfluidic logic reduces the number of electronic valves required for controlling pneumatic actuators. Standard haptic rendering algorithms are not well suited for underactuated haptic devices. They compute forces oblivious to underactuation, and then they simply project the resulting forces to the actuated subspace. We propose instead a proxy-based haptic rendering method that computes displacements in the actuated subspace only, and then translates these displacements into force commands using regular controllers. Our method is well behaved in two important ways: It is locally passive with respect to the motion of the haptic device, and the displayed impedance can be easily controlled regardless of the mapping between device and virtual configuration spaces.
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Humans are able to manipulate small objects with high dexterity. To achieve this, the central nervous system (CNS) critically relies on tactile information coming from the numerous mechanoreceptors innervating the hand. Finger pad mechanics has been extensively studied in passive touch conditions, revealing that slips at the fingertip-object contact occur progressively, starting at the periphery of the contact and propagating towards its center until full slip. Given the systematic occurrence of this partial slip phenomenon under tangential loading of the fingertip and the importance of cutaneous feedback in object manipulation, it is reasonable to hypothesize that the CNS might rely on these partial slips to adjust the grip force exerted on the object. However, it is unclear what the level of partial slip between fingertip and object is during manipulation. To answer this question, we designed a manipulandum equipped with both fingertip force sensing and fingerprint imaging capabilities. This device will enable us to study the effect of fingertip contact dynamics on object manipulation.
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We developed a pair of products to promote active learning of electrostatic concepts using two open-source haptic force-feedback devices, the Hapkit and Haply. The first product, the EMF Hapkit, tactilely generates the forcedistance relationships of various electromagnetic phenomena, allowing for an intuitive hands-on exploration of inverse-square and other forcedistance relationships. The second product, the EMF Sandbox, uses the Haply to allow students to control a test charge in a 2-D electrostatic sandbox-like environment. This allows students to visualize and feel the forces acting on test charges in pre-configured or customizable arrangements of static charges. These systems are ideal for learning electrostatic concepts for the first time; they couple typical force visualization techniques with force-feedback, allowing students to more intuitively understand these physical phenomena.
More information can be found at: https://goo.gl/UrMj2L
